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Description 

[0001] Phytases (myoinositol hexakisphosphate phosphohydfoiases; EC 3.1,3.8) are enzymes that hydrolyze 
phyiate (mytnnositoi hexakisphosphate) to .myoinositol and inorganic phosphate and are known to he valuable feed 
s additives 

[0002} A phytase was tirst described in rice bran in 1 907 [Suzuki et aL, Bull. Coll Agr. Tokio Imp. Univ. ?, 495 (1 907)] 
and phytases from Aspergillus species in 1911 [Dox and Golden, J. Biol. Cham. 10, 183-186 {1911}]. Phy&ses have 
also bean found in wheat bran, plant seeds, animal intestines and in microorganisms [How-sen and Davis, Enzyme 
Microb.TachnoLS, 377-362 (1963), Lambf&chtsetaL Biotech. L*tlJ4, 61-66 (1992), Shieh and Ware, AppL Microbiol 
16 J& 1348-1351 (1968}]. 

[0003] The clonsng and expression of the pftytaea from Aspergillus niger (iicuum) has bean described by \&n Hart- 
ingsvetdt et &L in Gene, 127 : 87-94 (1993) and in European Patent Applications Publication Ho. (EP) 420 358 and 
from Aspergillus niger var. a warned by Piddington eta!. { in Gene 1 33, 55-82 (1993), 

[0O04J Cloning, expression and purification of phytases with improved properties have been disclosed in EP 684 
31 3. However, since there is a still ongoing need lor further improved phytases, especially with respect to their ther- 
mostability, it is an object of the present invention to provide the following process which is, however not only applicable 
to phytases. 

[0005] A process for the preparation of a consensus protein, whereby such process is characterized by the following 
steps: 

so 

a} at least three preferably four amino acid sequences of a defined protein family are aligned by any standard 
alignment program known in the art; 

b} amino acids at the same position according to such alignment are compared regarding their evolutionary aim- 
£s tlarity by any standard program known in the art, whereas the degree of similarity provided by such a program 
which defines the least similarity of the amino acids thai is used for the determination of an amino acid of corre- 
sponding positions Is set to a less stringent number and the parameters are set in such a way that it is possible 
for the program to determine from only 2 Identical amino acids at a corresponding position an amino acid for the 
consensus protein: however if among the compared amino acid sequences are sequences that show a much 
$0 higher degree of similarity to each other than to the residual sequences, these sequences are represented by their 

consensus sequence determined as defined in the same way as in the present process for the consensus sequence 
of the consensus protein or a vote weight of 1 divided by the number of such sequences is assigned io every of 
those sequences. 

c} in case no common amino acid at a defined position can be identified by the program, any of the amino acids 
of all sequences used for the comparison , preferably the most f requent amino acid of all such sequences is selected 
or an amino acid is selected on the basis of the consideration given in Example 2. 

d) once the consensus sequence has been defined; such sequence is back-translated into a DNA sequence; 
40 preferably using a codon frequency table of the organism in which expression should take place; 

s) Ihe DMA sequence is synthesized by methods known in the art and used either integrated into a suitable ex- 
pression vector or by itself to transform an appropriate host cell: 

48 f ) the transformed host ceil is grown under suitable culture conditions and the consensus protein is isolated from 

the host cell or its culture medium by methods known in the art. 

[00O6J in a preferred embodiment of ibis process step b) can also be defined as fallows 

$0 h) amino acids at the same position according to such an alignment are compared regarding their evolutionary 

similarity by any standard program known inthe art whereas the degree of similarity provided by such program is 
set at the lowest possible value and the amino acid which Is the most similar for at least half of the sequences 
used for the comparison is selected for the corresponding position in the amino acid sequence of the consensus 
protein, 

[0007] A preferred embodiment of this whole process can be seen In a process in which a sequence is choosen from 
a number of highly homologous sequences and only those amino acid residues are replaced which clearly differ from 
a consensus sequence of this protein family calculated under moderately stringent conditions, while at ail positions of 
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the alignment where the method is not able to determine an amino acid under moderately stringent conditions the 
amino acids of the preferred sequence are taken, 

[00063 ft * s furthermore an object of the present invention to provide such a process wherein the program used for 
the comparison of amino acids at a defined position regarding their evolutionary similarity is the program "PRETTY", 
s it is more specifically an object of the present invention to provide such a process, wherein the defined protein family 
is the family of phytases, especially wherein the phytases are of fungal origin. 

{O0O9J It is furthermore an object of the present invention to provide such processes, wherein the host cell is of 
eukaryatfc, especiaiiy fungal, preferably Aspergillus or yeast preferably Saccharomyces or Hansenuta origin. 
[0010] It is also an object of the present invention to provide a consensus protein obtainable preferably obtained, by 
such processes and specifically the consensus protein, which has the amino acid sequence shown in Figure 2 or a 
variant thereof. A Variant* refers in the context of thepresent invention toaconsensus protein with amino acid sequence 
shown In Figure 2 wherin at one or more positions amino acids have been deleted, added or replaced by one or more 
other amino acids with the proviso? that the resulting sequence provides for a protein whose basic properties like 
enzymatic activity (type of and specific activity), thermostability activity in a certain pH-range (pH-stabiiity) have not 
sign if icantiy been changed. "Signal icantly means in this context that a man skilled in the art would say that the properties 
of the variant may still be different but would not be unobvlous over the ones of consensus protein with the amino acid 
sequence of Figure 2 itself. 

A mutein refers in the context of the present invention to replacements of the amino acid in the amino acid sequences 
of the consensus proteins shown in 
20 Figure 2 which lead to consensus proteins with further improved properties e.g. activity. Such muteins can be defined 
and prepared on the basis of the teachings given in European Patent Application number 97S10175.8. e. g. G50L, 
QS0T, Q50G : Q50L-YS1K or Q50T-YS1N. "Q50L" means in this context that at position SO of the amino acid sequence 
the amino acid Q has been replaced by amino acid L. 

[0011] In addition, a food, teed or pharmaceutical composition comprising a consensus protein as defined above is 

£s also an object of the present invention. 

[0012] f n this context "at least three preferably three amino acid sequences of such defined protein family" means 
that three, four, five, six to \2 : 20, 50 or even more sequences can be used for the alignment and the comparison to 
create the amino acid sequence of the consensus protein. "Sequences of a defined protein famiiy" means that such 
sequences fold info a three dimensional structure, wherein the a-helixes, the p-sheets end-turns are at the same 

$0 position so that such structures are, as called by the man skilled in the art, superimposable. Furthermore these se- 
quences characterize proteins which show the same type of biological activity e.g, a defined enzyme class, e.g. the 
phytases. As known in the art. the three dimensional structure of one of such sequences is sufficient to allow the 
modelling of the structure of the other sequences of such a famiiy. An example, how this can be effected, is given in 
the Reference Example of the present case "Evolutionary similarity* in the context of the present invention refers to 
a schema which classifies amino acids regarding their structural similarity which allows that one amino acid can be 
replaced by another amino acid with a minimal influence on the overall structure, as this is done e.g. by programs, like 
TRETTY ,£ : known in the art. The phrase "the degree of similarity provided by such a program,, Js set to less stringent 
number H means in the context of the present invention that values for the parameters which determine the degree of 
similarity in the prgram used in the practice of the present invention are chosen in a way to allow the program to define 

*o a common amino aad for a maximum of positions of the whole amino acid sequence, & g. sn case of the program 
PRETTY a value of 2 or 3 for the THRESHOLD and a value of 2 for the PLURALITY can be choosen. Furthermore, 
H a vote weight of one devided by the number of such sequences" means in the context of the present invention that 
the sequences which define a group of sequences with a higher degree of similarity as the other sequences used for 
the determination of the consensus sequence only contribute to such determination with a factor which is equal to one 

48 devided by a number of all sequences of this group. 

As mentioned before should the program not allow to select the most similar amino acid, the most frequent amino acid 
is selected, should the latter be impossible the man skilled in the art will select an amino acid from ail the sequences 
used for the comparison which is known in 'he art for Its propetty to improve the thermostability in proteins as discussed 
e.a by 

50 

Janecek, S. (1 993). Process Btoch&m, 28, 435-445 or 
Ferahl A. R. & Serrano, L (i 993) ; Cwr Opia Struct &ht 3 r 76-83. 
Aiber s T. (1939), Anna. R&v Bfccimn. BB f 765-798 or 
Matthews, B. W. (1987), Biochemistry 26, 6885-6886. 
&* Matthews, B. W. (1991), Gun. Opm Struct Biol 1 17-21. 

[00133 stability of an enzyme is a critical factor for many industrial applications. Therefore, a lot of attempts, 
more or less successful, have been made to improve the stability, preferably the thermostability of enzymes by rational 
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(van den Burg at al> 1998} or Irrational approaches (Akanuma otaL, 19931 The forces influencing the thermostability 
of a protein are the same as those that are responsible lor the proper folding of a peptide strand (hydrophobic inter- 
actions, van dar Waals Interactions.. H-bonds, salt bridges., conformational strain (Matthews, 1993). Furthermore, as 
shown by Matthews &l sL (1 987), the free energy of the unfolded state has also an influence on ihe stability of a protein . 

s Enhancing of protein stability means to increase the number and strength of favorable interactions and to decrease 
the number and strength of unfavorable interactions. It has been possible to introduce disulfide linkages ( Sauer etaL, 
1 986) to replace glycine with alanine residues or lo increase the proline content in order to reduce the free energy of 
the unfolded state (Margarit etai t 1 992; Matthews, 1 987a}. Other groups concentrated on the importance of additional 
H -bonds or salt bridges for the stability of a protein (Blaber etai, 1993) or tried to fill cavities in the protein interior to 

t o increase the buried hydrophobic surface area and the van dor Waats interactions (Karpusas ei aL, 1 989} . Furthermore, 
the stabilization at secondary structure elemenfs : especially a-h slices, for example, by improved helix capping, was 
also investigated (Munoz & Serrano ; 1995), 

[0014J However, there Is no fast and promising strategy to identify amino acid replacements which will increase the 
stability, preferably the thermal stability of a protein. Commonly; the 3D structure of a protein is required to find locations 
in the molecule where an amino acid replacement possibly will stabilize the protein's folded state. Alternative ways to 
circumvent this problem are either to search for a homologous protein in a. thermo- or hyperthermophiie organism or 
to detect stability- increasing amino acid replacements by a random mutagenesis approach. This latter possibility suc- 
ceeds in only 1 0 3 to 1 0 4 mutations and is restricted to enzymes for which a fast screening procedure is available ( Arase 
et al, 1993: Risse er a/-, 1992). For ail these approaches, success was variable and unpredictable and, if successful, 
the thermostability enhancements nearly always were rather small. 

[001 B] Here we presem an alternative way to improve ihe thermostability of a protein. Jmanaka etai (1 988) were 
among the first to use the comparisons of homologous proteins to enhance the stability of a protein. They used a 
comparison of proteases from thermophilic with homologous ones of rnesophslic organisms to enhance the stability of 
a mesophiiic protease. Serrano oi af (1993) used the comparison of the amino acid sequences of two homologous 

£s mesophtstc RNases to construct a more thermostable Rnase. They mutated individually ail of the residues that differ 
between the two and combined the mutations that increase the stability in a multiple mutant. Pantoliano etai (1989) 
and., in particular, Steipe ei at. (1994} suggested that the most frequent amino acid at every position of an alignment 
of homologous proteins contribute to the largest amount to the stability of a protein. Steipe etai (1994) proved this for 
a variable domain of an immunoglobulin, whereas Pantoliano etai. (1 989) looked for positions in the primary sequence 

$0 of subfitisin in which the sequence of the enzyme chosen to be improved for higher stability was singularly divergent. 
Their approach resulted in the replacement M5GF which Increased the T m of subfillsin by "LS *C, 
[0016] Steipe et af (1994) proved on a variable domain of immunoglobulin that it is possible to predict a stabilising 
mutation with better than 60% success rate just by using a statistical method which determines the most frequent 
amino acid residue at a certain position of this domain it was also suggested that this method would provide useful 
results not only for stabilization of variable domains of antibodies but also for domains of other proteins. However it 
was never mentioned that this method could be extended to the entire protein. Furthermore, nothing is said about the 
program which was used to calculate the frequency of amino acid residues at a distinct position or whether scoring 
matrices were used as in the present case. 

[001 7] ft is therefore an object of the present invention to provide a process for the preparation of a consensus protein 

*o comprising a process to calculate an amino acid residue for nearly all positions of a so-called consensus protein and 
to synthesize a complete gene from this sequence that could be expressed in a pro* or eukaryotic expression system. 
[001 8] DNA sequences of the present invention can be constructed starting from genomic or cDN A sequences coding 
for proteins, e.g. pbytases known In the state of the art [for sequence information see references mentioned above, e 
g. EP 884 313 or sequence data bases, for example like Genbank (intelligenetics. California.. USA), European Bio in - 

4$ tormatics Institute (Hinston Mali, Cambridge, GB) ( NBRF {Georgetown University Medica; Centre. Washington DC, 
USA} and Vecbase (University of Wisconsin, Biotechnology Centre, Madison, Wisconsin, USA.) or disclosed in the 
f igures by methods of in vitro mutagenesis [see e g Sambrook et al. , Molecular C ioning : Gold Spring Harbor Laboratory 
Press, New York|. A widely used strategy for such "site directed mutagenesis^ as originally outlined by Hurctsinson 
and Edge 1 1 [J. ViroL 8. 181 (1 971 % involves the annealing of a. synthetic oligonucleotide carrying ihe desired nucleotide 

$Q substitution to a target region of a single-stranded DN A sequence where in the mutation should be introduced [for review 
see Smith, Annu. Rev. Genet. J9, 423 (1935) and for improved methods see references 2-8 in Stanssen et ai, NucL 
Acid Res. f 17, 4441-4454 {1989}]. Another possibility of mutating a given DMA sequence which is also preferred for 
the practice of the present invention is ihe mutagenesis by using the polymerase chain reaction {PGR}. DNA as starting 
material can be isolated by methods known in the art and described e.g. in Sambrook et aL (Molecular Cloning) from 

■SB the respective strains. For strain information see, e g EP 8B4 313 or any depository authority indicated below As- 
pergillus niger [ATCC 9142], Myceiiophthora fhermophila [ATCC 48102], iaiaromyces thermophisus [ATCC 20186] and 
Aspergillus tumigatus [ATCC 34625] have been redeposited according to the conditions of the Budapest Treaty at the 
American Type Culture Cell Collection under the following accession numbers: ATCC 74337, ATCC 74340.. ATCC 
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7433S and AICC 74539, respectively. It is however, understood that DNA encoding a consensus protein in accordance 
with the present hvemiort can also be prepared in a synthetic manner as described, e.g. in EP 747 483 or the examples 
by methods known m the art 

[001 §| Ones complete DNA sequences of the present invention have been obtained they can be Integrated into 
s vectors by methods known in the art and described e.g in Sambrook et at (s a) to overexpress the encoded polypeptide 
in appropriate host systems. However, a man skilled in the art knows that also the DNA sequences themselves can 
be used to transform the suitable host systems of the invention to get over expression of the encoded polypeptide. 
Appropriate host systems are for example fungi, like Aspergilli. e.g. Aspergillus niger jATCC 9142) or Aspergillus ficuum 
[NRRL 31 35] or like Triehoderma, e.g. Trichoderma reesei or yeasts, like Saccharomyces, e.g. Saccharomyces cere- 
vlsiae or Pichia, like Pichia pastor is. or Hansen u la polymorphs, e.g H. polymorpha (DSM521 5) or plants, as described, 
0,g by Pen et al, Bio/Technology 11, 811-814 (1994). A man skilled in the art knows that such microorganisms are 
available from depository authorities, e.g. the American Type Culture Collection (ATCC). the Gentraalbureau voor 
Schimmelcuitures (CBS) or the Deutsche Sammiung fur Mikfoorganismen und Zeiikuitureti GmbH {08 M) or any other 
depository authority as listed In the Journal Industrial Property" [(1991) j, pages 29-40] Bacteria which can be used 
are e,g E. coli Bacilli as r e.g. Bacillus subliiis or Streptomyees, e g, Sirepiomyces lividans (see e g. Anne and Mallaert 
In FEMS Microbiol. Letters 114, 1 21 (1993). £. coli, which could be used are E. con K12 strains e.g. M1 5 (described 
as DZ 291 by Villa top et al. in J. Bacteriol. ,120, 468-474 {1974)1, HB 101 [ATCC No. 33694J or £. coli SG 13009 
[Gottesroan et aL J, Bacterid. 148. 265-273 (1981 }J, 

[0020] Vectors which can be used for expression in fungi are known in the art and described e.g. in EP 420 358, or 
by C u I ie n et: al . [ Bic/Technoiogy 5 : 369 -376 ( 1 9 87) j or Ward in Mo leeuiar i ndustriai Mycology, Syste ms and Ap pi icat io ns 
for Filamentous Fungi, Marcel Dekker; New York (1 991 ), Upshall et al. [Bio/Technology 1 301 -1 304 (1 987)] Qvvynne 
et at |Bio/Technobgy 5, 71 -79 (1 987% Punt et al. [J. Biotechnot 17, 19-34 (1 991 )] and tor yeas* by Sreekrishna et al. 
[J, Basic Microbiol. 2S 265-278 (1988), Biochemistry 28,41 17-4125 (1989)}, Mtaemann et at ( Nature 293, 717-722 
(1 981}] or in EP 183 070 : EP 183 071 . EP 248 227. EP 263 311 . Suitable vectors which can be used tor expression 

£s in E. coli are mentioned, e.g. by Sambrook at at [s.aj or by Rers et al. m Procd. 3th int. Biotechnology Symposium 4 ' 
[Soc, Franc. de Microbiol., Paris (Durand et al eds.), pp. 680-697 (1 988)] or by Sujard et ai.. in Methods in Enzymology. 
eds. Wu and Grossmann, Academic Press, Inc. Vol J 55. 416-433 (t 987} and St fiber el al. in Immunological Methods, 
eds. Lefkovits and Pern is ; Academic Press, Inc.. Vol. IV. 121 -152 (199G). Vectors which could be used for expression 
in Bacilli are known in the art and described, e.g. in EP 405 37Q : Procd. Natl. Acad. Sci. USA 31 , 439 ( 1 984) by Yansura 

$0 and Henner, Math. EnzyrooL 185, 1 99-226 (1 990} or EP 207 459. Vectors which can be used for the expression in H. 
Polymorpha are known in the art and described, e.g. in Gdiissen et ai. : Biotechnology 9, 291-295 (1991). 
[0021] Either such vectors already carry regulatory elements . e g promoters or ihe DNA sequences of the present 
invention can foe engineered to contain such elements Suitable promoter elements which can be used are known in 
the art and are, e g tor Trichoderrra reesei the cbh1-[Haarkl et aL Biotechnology 7. 598-600 (1989)] or the pkM-pro- 
motor ISchindler et aL Gene 130, 271 -275 (1 993)1 for Aspergillus oryz&a the amy-promotor [Cftristensen at aL, Abstr. 
19th Lunteren Lectures on Molecular Genetics F23 (19S7} : Christensen et al Biotechnology 6 5 1419-1422 (1988), 
Tada et aL Moi. Gen. Genet:.. 229 ; 301 (1991)1 for Aspergillus niger the giaA- [Cullers et aL Bio/Technology 5,. 369-376 
(1 987), G wynne el at, Bio/Technology 5, 713-719 (1987) ; Ward in Molecular Industrial Myeosogy, Systems and Appli- 
cations for Filamentous Fungi, Marcel Dekker New York, 83-1 Co (1991 )]< alcA- jG wynne et aL Bio/Technology 5 ; 

*o 718-719 ( 1 987}], sud - poddy et aL Gurr. Genet. 24, 60-66 (1 993)] ? aphA- jMacRae et at. , Gene 71 , 339-348 (1 986) : 
MacRaoetal., Gene132 ; 193 1 98 (1993)], tpiA-[McKnightetaL Ceil 46 : 143-147 (1988}.. Upsh&JI etal... Bio/Tochnotogy 
B, 1301-1304(1987)], gpdA- [Punt et aL Gene 69, 49-57 (1988). Punt etal. f J. Biotechnol 17, 19-37 (1981)] and the 
pkiA-promotor [de Grafaff et at,. Curr Genet. 22. 21 -27 (1992)]. Suitable promoter elements which couid be used for 
expression in yeast are known in the art and are, e.g. the pho5-promotor jVogel et aL Moi. Cell. Bioi . 2050-2057 

48 (1 989); Rudolf and Hinnan. Proc. Natl. Acad. Sci. S4 1340-1 344 (1 987)) or the gap-promotor for expression in Sac- 
charomyces cerevisiae and for Pichia pastons, e.g. the aoxi -promotor [Koutxet aL Yeast 5 : 187-177 (i 9S9); Sreakrish- 
na et aJ. f J. Basic Microbiol. 28, 265-278 {19S8)j : or the FMD promoter [Hollenberg et al.. : EPA No. 0299108] or MOX- 
promoter [Ledeboer etal. r Nucleic Acids Res. 13 3063-3082 (1985)] for H. polymorpha. 

[0022] Accord ingsy vectors com p ris i n g DNA sequences of t h e p resent I nvention . pre f e rab ly to r the express ion of said 
so DNA sequences in bacteria or a fungal or a yeast host and such transformed bacteria or fungal or yeast hosts are also 
an object of the present invention. 

[0023] ft is also an object of the present Invention to provide a system which allows tor high expression of proteins, 
preferably phytases like the consensus phytase of the present invention in Hansen ula characterised therein that the 
eodons of the encoding DNA sequence of such a protein have been selected on the basis of a codon frequency table 
55 of theorganism usedfor expression, e g. yer^sf as in the present case (see eg in Exs^mpie 3} and optionally the codons 
for the signal sequence have been selected in a manner as described for the specific case in Example 3. That means 
that a codon frequency table is prepared on the basis of the codons used in the DNA sequences which encode the 
amino acid sequences of the defined protein family. Then the codons for the design of the DNA sequence of the signal 
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sequence are selected from a eodon frequency table of the host cell used for expression whereby always eodons of 
comparable frequency in both tables am used. 

[0024| Once such DM A sequences have bean expressed in an appropriate host celiin a $u (table medium the encoded 
protein can be Isolated either from ihe medium in the case the protein is secreted into ihe medium or from the host 

5 organism in case such protein is present inUaeeliulajly by methods known in the art of protein purification or described 
In case of a phytasa eg in EP 420 358. Accordingly a process tor the preparation of a polypeptide ot the present 
invention characterized in that transformed bacteria or a host ceil as described above is cultured under suitable culture 
conditions and the polypeptide is recovered therefrom and a polypeptide when produced by such a process or a 
polypeptide encoded by a DNA sequence of the present invention are also an object of the present invention. 

t o [0026] Once obtained the polypeptides of ihe present invention can be characterized regarding their properties wh ich 
make them useful in agriculture any assay known in the art and described e g by Simons at ai. [Br. J. Nutr. 64 525-540 
(1 990)], Softener el aL [J. Anim. Physiol, a Anim Hutt 66, 248-255 (1991)], Vogt jArch. Qeftugelk.58, 93-9S (1992)1, 
Jongbioed etai. [J. Anim. Set 70, 1159-H68 (1992}|, Perney et ai [Poultry Sci. 72, 2106-2114 (t 993}] ; Farreit etaL, 
[J, Anim. Physiol a. Anim. Nutf. 69, 278-283 (1 993) ; Broz et aL [3r, Foultry Sci. 35, 273-280 (1994)] and Dung^hoef 
et ai f Animal Feed Sci. Techno!. 49, 1 -1 0 (1994)] can be used. 

[0028] In general the polypeptides of the present invention can be used without being limited to a specific field of 
application; e.g. in case of phytases for Ihe conversion of Inositol polyphosphates: tike phytate to inositol and Inorganic 
phosphate. 

[0027] Furthermore the polypeptides of the present invention can be used m a process for the preparation of a 
pharmaceutical composition or compound food or feeds wherein the components of such a composition are mixed 
with one or more polypeptides of the present invention. Accordingly compound food or feeds or pharmaceutical corn- 
positions comprising one or more polypeptides of the present invention are also an object of the present invention. A 
man skilled in the art is familiar with their process of preparation. Such pharmaceutical compositions or compound 
foods or feeds can further comprise additives or components generally used for such purpose and known in the state 
£s of the art, 

[00283 it furthermore an object of the present invention to provide a process for the reduction of levels of phytate 
in animal manure characterized in that an animal Is fed such a feed composition in an amount effective in converting 
phytate contained in the feedstuff to inositol and Inorganic phosphate, 

[0020] Before describing the present invention in mora detail a short explanation of the Tables and enclosed Figures 
3*2 is given below. 

[0030] IjfeigJ; Vote weights of the amino acid sequences of the fungal phytases used. The table shows the vote 
weigh is used io calculate the consensus sequence of ihe fungal phytases, 

[0031] Table 2: Homology of the fungal phrases The amino acid sequences of the phytases used in the alignment 
were compared by the program GAP (GOG program package , 9; Devereux &ial, 1984) using the standard parameters. 
The comparison was restricted to the part of the sequence that was also used for the alignment (see legend to Figure 
1 ) sacking the signal peptide which was rather divergent. The numbers above and beneath the diagonal represent the 
amino acid identities and similarities., respectively. 

[0032J Table 3: Homology of the amino acid sequence of fungal consensus phyiase to ihe phytases used for Its 
calculation. The amino acid sequences of all phytases were compared with the fungal consensus phyiase sequence 
40 using the program GAP (GCG program package. 9 0) Again, the comparison was restricted to that part of the sequence 
that was used in the alignment, 

[0033] Table 4: Primers used for the Introduction of single mutations into fungal consensus phyiase For the intro- 
duction of each mutation, two primers containing the desired mutation were required {see Example 8). The changed 
triplets are highlighted in bold letters. 

48 [0034] Fable 5: Temperature optimum and revalue of fungal consensus phytase and of the phytases from A fumh 
gait®; A. niger A nicfuians, and M. thermophM. The temperature optima were taken from Figure a a The revalues 
were determined by differential scanning calorimetry as described in Example 10 and shown in Figure 7. 
f003S| Figure 1: Calculation ol the consensus phytase sequence from tie alignment of nearly ail known fungal 
phyiase amino acid sequences. The tetters represent the amino acid residues in the one-letter code. The following 

so sequences were used for the alignment: phyA from Aspergillus terreus 9A-1 (Mitchell &t &/., 1997; from amino acid 
(aa) 27) : phyA from Aspergillus terr&us cbs 1 1 BAB (van Loon et af,< 1 997; from aa 27), phyA from Aspergillus nigervat 
Bwamori (Piddlngton &i a£, 1993; from aa 27), phyA from Aspergillus oiger T21 3; from aa 27), phyA from Aspergillus 
ntg&r strain NRRL313S (van Hartingsveidi: ®f al f 1993; from aa 27), phyA from Aspergillus fumigatus ATCC 13073 
(Pasamontes et aL, 1 997b: from aa 25), phyA from Aspergillus fumigates ATCC 32722 (van Loon et al. 1997: from 

£5 aa J?7), phyA from Aspergillus fumigatus ATCC 5B128 (van t oon ef a/, 1997; fort aa 27), phyA from Aspergillus 
fumigatus ATCC 26906 (van Loon et ai> 1 997; from aa 27), phyA from Aspergillus fumigates ATCC 32239 (van Loon 
ei aL< 1997; from aa 30} l phyA from Aspergillus nldufans (Pas&memes et a/,, 1997a; from aa 25), phyA from Ware* 
mycBS th&rmophiius (Pasamontes etai, 1997a; from aa 24), and phyA from Mycelicphihora ihmrnophila (Mitchell at 



6 



EP 0 897 985 A2 



&L< 1997; from aa 19). The alignment was calculated using the program Pi LEU R The location of the gaps was refined 
by hand. Capitalized amino acid residues in the alignment at a given position belong to the ammo acid coalition that 
establish the consensus residue, in bold, beneath the calculated consensus sequence the amino acid sequence of 
the finally constructed fungal consensus phytase (Pep) is shown.. The gaps in the calculated consensus sequence 
s were fiHed by hand according to principals stated in Example 2 

[00383 Figure 2: DNA sequence of the fungal consensus phytase gen© {fcp) and of the primers synthesized tor gene 
construction. The calculated amino acid sequence (Figure 1 ) was convened into a DNA sequence using the program 
BAOKTRANSLATS (Devereux at al, 1984} and the oodon frequency table of highly expressed yeast genes (GOG 
program package, 9,0). The signal peptide of the phytase from A. ferrous cbs was fused to the N-terminus. The bold 
bases represent the sequences of the oligonucleotides used to generate the gene. The names of the respective oli- 
gonucleotides are noted above or below the sequence. The undefined bases represent the start and stop eodon of 
the gene. The bases written in italics show the two introduced Eco Rt sites. 

r0O3T| Figure 3 : Temperature optimum of fungal consensus phytase and other phytases used to calculate the con- 
sensus sequence. For the determination of the temperature optimum, the phytase standard assay was performed at 
i$ a series of temperatures between 37 and 85 *C. The phytases used were purified according to Example 5. V, fungal 
consensus phytase; T, A fumigates 13073 phytase; A. n/$&rNRRLS135 phytase; O. A. nicfuians phytase; * A 
terreus 9A-1 phytase; A twmus cbs phytase. 

[0038] Figure d : The pH-dependent activity profile of f ungal consensus phytase and of the mutant Q50L, Q50T and 
The phytase activity was determined using the standard assay in appropriate buff ers (see Example 9} at different 
20 pH- values PSot a) shows a comparison of fungal consensus phytase (#) to the mutants Q50L fv).. Q50T {¥).. and 
Q50G (O) In percent activity. Plot b) shows a comparison of fungal consensus phytase (O) to muiant: QSOL (•) and 
QS0T (V) using the specific activity of the purified enzymes expressed in H, polymorphs. 

[0039J Figure 5: The pH-dependenf activity profile of the mutants Q50L Y51 H and Q50T Y51N in comparison to 
the mutants Q50T and Q50L of fungal consensus phytase. The phytase activity was determined using the standard 

£s assay in appropriate buffers (see Example 9) at different pH~va!ues. Graph a) shows the influence of the mutation 
Y51N (*} on mutant Q50L (O), Graph b) shows the influence of the same mutation (#) on mutant Q50T (O). 
[0040J F.isure.g : Substrate specificity of f ungal consensus phytase and its mutants Q50L, Q50T and Q50G. The bars 
represent the relative activity in comparison to the activity with phytic acid (100%) with a variety of known natural and 
synthetic phosphoryiated compounds. 

$0 [0041] Satire^?: Differential scanning catorimetry (DSC) of fungal consensus phytase and Us mutant Q50T The 
protein samples wore concentrated to ca. 50 60 mg/ml and extensively dlalyzed against 10 mM sodium acetate, pH 
5,0, A constant heating rate of 10 *C/min was applied up to 90 °C. DSC of consensus phytase Q50T (upper graph) 
yielded in a melting temperature of 78.9 *C, which is nearly identical to the melting point of fungal consensus phytase 
(78.1 *C, lower graph). 

40 Homology Modeling of A fumlmiusand A termus cbsi 15.46 phytase 

[0042] The amino acid sequences of A. fumtgaim and A termus cbs 11 6 46 phytase were compared with the se- 
quence of A. niger NRRL 31 35 phytase (see Figure 1 } for which the three-dimensional structure had been determined 
by X-ray crystallography 

4$ [0043] A rn u itipte amino acid sequence alignment of A niger NR Rt. 31 35 phytase. A. fumtgatus phytase and A. termus 
cost 16.48 phytase was calculated with the program V FILEUP H (Prog. :Menu for the Wisconsin Package, version S, 
September 1 994, Genetics Computer Group, 575 Science Drive, Madison Wiseondn, USA 53711). The three-dimen- 
sional models of A. fumigatus phytase and ,4. termus cbsi 16.46 phytase were built by using the structure of A. niger 
NRRL 3135 phytase as template and exchanging the amino acids of A niger NRRL 3135 phytase according to the 

so acq ue nc e alignment to arts t no acids of A , fumigatus an d A termus c bs 11 6 , 46 phyta ses, resp ecf ively. Model const ruet to n 
and energy optimization were performed by using the program Motoc (Gerber and Mullen 1995). C-aipha positions 
were kept fixed except for new insertions/deletions and in loop regions distant from the active site. 
[0044] Only small differences of the modelled structures to the original crystal structure could be observed in externa; 
loops. Furthermore the different substrate molecules that mainly occur on the degradation pathway of phytic acsd (myo- 

£5 inositol-hexakisphasphate) by PsQudomcmas sp. bacterium phytase and, as far as determined, by A nig®f NRRL 31 35 
phytase (Cosgrove, 1 980) were constructed and forged tnto the active site cavity of each phytase structure. Each of 
these substrates was oriented in a hypothetical binding mode proposed for bistidine acid phosphatases (\&n Etten, 
1 982). The scissiie phosphate group was oriented towards the catalyficalsy essential His 59 to torm the covalent phos - 
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phoanzymo intermediate. The oxygen of the substrate phosphoester bond which wilt be protonated by Asp 339 after 
cleavage was orientated towards the proton donor, Conformational relaxation of the remaining structural part of the 
substrates as wall as the surrounding active site residues was performed by energy optimization with the program 
Moioc. 

s [0045] Based an the structure models the residues pointing into the active site cavity were identified More than half 
(60%) of these positions were identical between these three phytases, whereas oniy few positions were not conserved 
(see Figure i). This observation could be extended to four additional phyta.se sequences (A niduiam, A t&rmus 9A1 } 
Talaromycas thermophttus, Mycaiiophthora themjopNia)* 

i " i " i " i " i " i " i " i " i " i " i " i " >i " i " i " i " i " i " i " i " i ' 

Alignment of the amino acid sequence of the funqal phytases 

[0046] The alignment was calculated using the program PILE UP from the Sequence Analysis Package Release 9.0 
(Devereux etaL, 1984) with the standard parameter (gap creation penalty 12, gap extension penalty 4). The location 
of the gaps was refined using a text editor. The following sequences (see Figure 1 ) without the signal sequence were 
used lor the performance of the alignment starting with the amino acid (aa) mentioned below: 

phyA gene from Aspergillus terwm 9A-1 , aa 27 (Mitchell at al } 1997) 
phyA gene from Aspergillus termuschsi 16.46 : aa 27 (van Loon era/., 1997) 
phyA gene from Aspergillus ntgervat. awameri aa 27 (Piddington ai al, 1993) 
phyA gene from Aspergillus mger T213 ; aa 27 

phyA gene from Aspergillus nig®r strain NRRL3135. aa 27 {van Hartingsveidt eial. 1993) 
phyA gene from Aspergillus funvgatus ATCC 1 3073.. aa 26 {Pasamontes 1997) 

#s phyA gene from Aspergillus funvgatus ATGC 32722, aa 28 (van Leon ei at, 1 997) 

p/jyA gene from Aspergillus fumigalus ATCC 58 126. aa 28 (van Leon a! ai, 1997) 
pfryA gene from Aspergillus fumigalus ATCC 28908, aa 28 (van Loon et at, t997) 
phyA gene from Aspergillus furntgatus ATCC 32239, aa 30 {van Loon at ai, 1997) 
phyA gene from Aspergillus nidulans, aa 25 (Roche Nr. R1286, Pasamontes a? a/, 1 997a) 

3fl gene from Tafaromyces thermopNIus ATCC 20186, aa 24 (Pasamontes etat, 1997a) 

phyA gene from Myccltophihom ihermephfkh aa 19 (Mitchell ctal, 1997) 

[0047] Table 2 shows the homology of the phytase sequences mentioned above. 

50 Example 2 

Calculation of the amino acid sequence of fungal consensus phytases 

[0048] Using the refined alignment of Example 1 as input, the consensus sequence was calculated by the program 
40 PRETTY from the Sequence Analysis Package Release 9,0 (Devereux ei at, 1 984). PRETTY prints sequences with 
their columns aligned and can display a consensus sequence for the alignment. A vote weight that pays regard to the 
similarity between the amino acid sequences of the phytases aligned were assigned to all sequences. The vote weight 
was set such as the combined impact of ail phytases f rom one sequence subgroup (same species of origin but different 
strains), e. g. the amino acid sequences of ail phytases from A furntgatus, on the election was set one, that means 
4$ that each sequence contributes with a value of i divided by the number of strain sequences (see Table t) By this 
means, It was possible to prevent that very similar amino acid sequenees : e. g. of the phytases trom different A. turn'h 
g&ius strains, dominate the calculated consensus sequence. 

[0049] The program PRETTY was slatted with the follow in g parameters : The plurality defining the number of votes 
below which there is no consensus was set on 2.0. The threshold, which determines the scoring matrix: value below 
so which an amino acid residue may not vote for a coalition of residues, was set on 2. PRETTY used the PrettyPep.Cmp 
consensus scoring matrix for peptides. 

[0050] Ten positions of the alignment (position 4$< 68, B2, 138, 162, 236 : 278, 279, 280, 308: Figure 1), for which 
the program was not able to determine a consensus residue, were filled by hand according to the following rules: if a 
most frequent residue existed, this residue was chosen (138, 236, 280): if a prevalent group of chemically similar or 
£5 equivalent residues occurred, the most frequent or; if not available, one residues of this group was selected (46, 68, 
82, 162 : 276, 308). If there was either a prevalent residue nor a prevalent group, one ot the occurring residues was 
chosen according to common assumption on their influence on the protein stability (279). Eight other positions (132, 
1 70, 2C4, 211, 275,. 31 7 : 384. 447; Figure 1 ) were not filled with She amino acid residue selected by the program but 
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normally with amino acids that occur with the same frequency as the residues that were chosen by the program, in 
most cases, the slight underrating of the three A niger sequences (sum of the vote weights: 0,99} was eliminated by 
this corrections. 

[0051 1 Table 3 shows the homology oi the calculated f unga ! consensus phytase amino acid sequence to the phytase 
sequences used for the calculation. 





[0052] The first 28 amino acid residues of A. imr&us cbs11 8.46 phytase were used as signal peptide and, therefore, 
fused to the N-terrninus of all consensus phytases. For this stretch, we used a special method to calculate the corre- 
sponding DNA sequence. Purvis etal ( 1 987) proposed that tha incorporation oi rarecodons in a gene has an influence 
on the folding efficiency of the protein. Therefore, at least the distribution of rare cocions in the signal sequence of A 
te/reuscbs116.46 which was used for the fungal consensus phytase and which is very important for secretion of the 
protein, but converted into the 5. c&mvmia& codon usage, was transferred into the new signal sequence generated for 
express ton In S. cemvmae. For the remaining parts of the protein, we used the codon f requency table of highly ex- 
pressed & G&mvtsm&$en&& t obtained from the Q CG program package, to translate the calculated amino acid sequence 
into a DNA sequence. 

[00$3| The resulting sequence of the fop gene are shown in Figure 2. 



[00543 The calculated DNA sequence of fungal consensus phytase was divided Into oligonucleotides of 85 bp, al- 
ternately using the sequence of the sense and the anti-sense strand. Every oligonucleotide overlaps 20 bp wijh its 
previous and tts following oligonucleotide of the opposite strand. The local ion of all primers, purchased by Microsynth, 
Balgach (Switzerland) and obtained In a PAGE- purified form, is indicated in Figure 2. 

[QOBB] in three PGR reactions, the synthesized oligonucleotides were composed to the entire gene. For the PGR, 
the High Fidelity Kit from Boehringer Mannheim (Boeh ringer Mannheim, Mannheim, Germany) and the therrno cycler 
The Protokoi™ from AMS Biotechnology (Europe} Ltd, (Lugano.. Switzerland) were used, 

[0056] Oligonucleotide CP-1 to CP-10 (Mix 1, Figure 2} were mixed to a concentration of 0 2 piMol/iii per each oli- 
gonucleotide. A second oligonucleotide mixture (Mix 2} was prepared with GP-9 to CP-22 (0 2 pMol/^i per each oligo- 
nucleotide). Additionally, four short primers were used in the PGR reactions: 



Example 3 




Example 4 

i^k«AiAiAiM:i;i;i;i;i;i 




CP-a: 



Eco Ri 

5'-TAT ATG AAT TCA TGG GCG TGT TCG TC-3' 



CP-b: 



o'-TGA AAA GTT CAT TGA AGO TTT C-3' 



CP-e: 



5*-TCT TCG AAA GCA GTA CAA GTA C-3' 
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CP-e: 



Eco RI 

r-TAT ATG AAT TCT TAA GCG AAA OS' 



PGR reaction b: 



PGR reaction tx: 10 uJ Mix 1 (2,0 pmol of each oligonucleotide) 

2 fii nucleotides (10 roM each nucleotide) 
2 pi primer GP-a {10 pmol/ul) 
2 pi primer OP-c (10 prnoS/jil) 
10 0 ui PGR buffer 
0/75 pi polymerase mixture 
73.25 Ml H a O 

10 pi Mix 2 (2..0 pmoi of each oligonucleotide) 
2 pj nucleotides {10 mM each nucleotide) 
2 pi primer CP~b (10 pmol/ut) 
2 pi primer CP-e (10 pmol/pl) 
10 0 Ml PGR buffer 
0.75 ul polymerase mixture (2.6 U) 
73.25 ui H 2 C 

step 1 2 rnin - 45°C 
step 2 30 sec - 72*C 
step 3 30 sec - 94% 
step 4 30 sec - 52*0 
step 5 1 rain - 72*C 

Step 3 to 5 were repeated 40-times* 

[0057] The PGR products (870 and 905 bp) were purified by an agarose gel electrophoresis (0.9% agarose) and a 
foibwing gel extraction (GEAEX li Gei Extraction Kit Cfegen. Hildea Germany). The purified ON A fragments were 
used for the PGR reaction a 



Reaction conditions for PGR reaction a and b: 



Reaction conditions for PGR reaction a 



PGR reaction a 6 pi PGR product of reaction a (-50 ng} 

8 pi PGR product of reaction b (-50 ng) 
2 pi primer CP-a (10 prTOi/pl) 
2 pi primer CP-e (10 pmol/pl) 
10 ; 0 ui PGR buffer 
0.75 ui polymerase mixture (2 6 U) 
73.25 Ml H a O 
siep 1 2 min - 94*C 
siep 2 30 sec - 94° C 
step 3 30 sec - 55° G 
step 4 1 rmin - 72*C 

Step 2 to 4 were repeated 3 Rimes. 

[00S8] The resulting PGR product (1.4 kb) was purified as men i toned above, digested with Eco RI, and li gated in an 
Eco Ri-d$gested and dephosphoryiated pBskH-veclor (Stratagene, La Joiia, GA ; USA), 1 ui of Ihe ligation mixture was 
used to transform E. co!i XL-1 competent ceils (Stratagene, La Jolla : CA, USA). All standard procedures were carried 
out as described by Sambrook Bt a/. (1987), The constructed fungal consensus phytase gme (fop) was verified by 
sequencing (plasmid pBsk-fcp) 
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Example S 

(00593 A fungal consensus phytase gene was isolated from the plasm id pBsk-fcp i (gated into the Eco RI sites of the 
expression cassette of the Saccftaromyces cerevfsiae expression vector pYES2 (inviirogam San Oiego : CA V USA) or 
subclonad between the shortened GAPFL (glyceraldhyde-S-phosphata dehydrogenase) promoter and the pftoS ter- 
minator as described by Janes et ml (1 990). The correct orientation of the gene was checked by PGR. Transformation 

ifl of S cewvMw strains, o g. INVSct (Invilrogen, San Diego, CA f USA) was done according to Hinnen etaL (197S). 
Single colonies hat boring the phytase gene under the control of the GAPFL promoter were picked and cultivated In 5 
ml selection medium (SD~ uracil, Sherman &t &l, 1988) at 30 s C under vigorous shaking (250 rpm) for one day. The 
precuiture was than added to 500 mi YPD medium (Sherman et aL, 1986) and grown under the same conditions, 
induction of the gaii promoter was done according to manufacturer's instruction. After four days of incubation cell broth 

i$ was cantri i uged (7000 rpm , GS3 rotor. 1 5 min , 5*0) to remove the ceils and the su pematani was concentrated by way 
of uitrafi i t ration in Amicon 8400 cells {PM30 membranes) and utafreeH 5 centrifugal filter devices (Biomax-SOK. Mil- 
Kpore, Bedford MA : USA). The concentrate (10 ml) was desalted on a 40 ml Sephadex G25 Superfine column (Phar- 
macia Biotech, Freiburg, Germany), with 10 mM sodium acetate, pH 5.0, serving as el ution buffer. The desalted sample 
was brought to 2 M (Hh^SO^ and directly loaded onto a 1 ml Butyl Sepharose 4 Fast Flow hydrophobic interaction 

50 chromatography column (Pharmacia Biotech, Feiburg. Germany) which was e luted with a linear gradient from 2 M to 
0 M (NH4) 2 SC 4 in 10 mM sodium acetate, pH 5.0. Phyiass was eluied in the break through, concentrated and loaded 
on a 1 20 ml Seph&cryf S-SG0 gel permeation chromatography column (Pharmacia Biotech, Freiburg, Germany). Funga; 
consensus phytase and fungal consensus phytase 7 e luted as a homogeneous symmetrical peak and was shown by 
SDS-PAGE to be appro*. 95% pure. 

Example 6 

Expression of the fungal . consensus . phytase. genes fcp and .its variants in . HBi^enajk.po^nof&fm 

[0060] The phytase expression vectors., used to transform K polyrnorpha, was constructed by inserting the Eco Ri 
fragment of pBsk-/cp encoding the consensus phytase or a variant into the multiple cloning site of the H. polymorphs 
expression vector pFPMT121 . which is based on an um3 selection marker and the FMD promoter. The 5 ! end of the 
fcp gene is fused to the FMD promoter the 3 1 end to the M OX terminator (GelHssen et al, 1996; EP 0299 108 B). The 
resulting expression vector are designated pFPMT fcp and pBsk' fcp'T 

[0061 j The constructed pfasmids were propagated in E coil Plasmid DNA was purified using standard state of the 
art procedures. The expression plasmids were transformed into the H. polymorph strain RP11 deficient in orotidine- 
5 ; -phospbate decarboxylase (ura3} using the procedure for preparation of competent cells and for transformation of 
yeast as described in Geiissen oi af (1998). Each transfom tatiort mixture was pitied on YN3 (0.14% w/v Difeo YNB 
and 0.5% ammonium sulfate) containing 2% glucose and 1 .8% agar and incubated at 37 *C. Alter 4 to 5 days individual 

*o transformant colonies were picked and grown in the iiquid medium described above for 2 days at 37 *C> Subsequently: 
an aliquot of this culture was used to inoculate fresh vials with YMB-medium containing 2% glucose. After seven further 
passages in selective medium, the expression vector integrates into the yeast genome in muilimeric form. Subsequent- 
iy s mitoiicaiiy stable transformants were obtained by two additional cultivation steps in 3 ml non-selective liquid medium 
(YPD, 2% glucose. 10 g yeast extract., and 20 g peptone). In order to obtain genetically homogeneous recombinant 

4$ strains an aliquot from the last stabilization culture was plated on a selective plate. Single colonies were isolated tor 
analysis ot phytase expression in YNB containing 2% glycerol instead of glucose to derepress the fmd promoter Pu- 
rification of the fungal consensus phytases was done as described in Example 5. 

Example 7 

m 

Expression of the fungal consensus genes fop and its variants in Aspergillus niger 

[0062] Plasmid pBsk fcp or the corresponding plasmid of a variant of the fcp gene were used as template for the 
introduction of a Bsp HI -site upstream of the start codon of the genes and an Eco RV-srte downstream of the stop 
£5 eodon . The Expand™ High Fidelity PGR Kit {Boehnnger Mannheim, Mannheim, Germany) was used with the following 
primers: 
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Primer Asp- 1: 



Bs P m 

5' -TAT ATC ATG AGO GTG TTC GTC GTG CTA CTG TTG-3' 



Primer Asp* 2 for cloning of fcp and fcpl: 

3 f ACC CGA CTT ACA AAG CGA ATT CTA TAG ATA TAT*5' 

Eco RV 



{0063} The fraction was pert or triad as described by the supplier The PCR~ampiified fcp gene had a new Bsp HI site 
at the start codon, introduced by primer Asp-1 , which resulted in a replacement of the second amino acid residue 
glycine by serine. Subsequently, the DNA-fragment was digested with B&p HI and Eco RV and iig&ted into the Nco I 
site downstream of the giucoamylase promoter of Aspergillus tiiger (glaA) and the Eco RV site upstream of the As- 
porgMus nfdukins tryptophan C terminator (ttpC) (Mullaney ot al f 1985) After this cloning step, the genes were se- 
quenced to detect possible failures introduced by PGR. The resulting expression plasmids which basically corresponds 
to the pGLAC vector as described in Example 9 of EP 884 313, contained the orofidine~5'-phosphate decarboxylase 
gene (pyr4) of N&urospofB cmssB as a selection marker; Transformation of Aspergillus nigermd expression of the 
£s consensus phytase genes was done as described in EP 684 313, The fungal consensus phytases were purified as 
described in Example 5. 

Example 8 

$0 Construction of muteins of funqat consensus phytase 



[0084] To construct muteins for expression in A niger S cemvism®, or H. polymorphs*, the corresponding expression 
pfasmid containing the fungal consensus phytase gene was used as template for site -directed mutagenesis. Mutations 
were introduced using the "quick exchange™ site-directed mutagenesis kit" from Sfratagene ( La Jolla, CA : USA) 
following the manufacturer's protocol and using the corresponding primers. AH mutations made and the corresponding 
primers are summarized in Table 4. Clones harboring the desired mutation were identified by DNA sequence analysis 
m known in the art. The mutated pbylase were verified by sequencing of the complete gene, 



Determination of the phytase activity and of the temperature optimum of the consensus phytase and its variants 

[0085] Phylase activity was determined basically as described by Mitcheii ef al (1997). The activity was measured 
in a assay mixture containing 0.5% phytic acid («5 mM).. 200 mU sodium acetate. pH 5.0. After 15 min incubation at 

45 37 *Q f the reaction was stopped by addition of an equal volume of 15% trichloroacetic acid. The liberated phosphate 
was quantified by mixing 100 p.! of the assay mixture with 900 ul H s O and i mi Of 0.8 M H 2 S0 4? 2% ascorbic acid and 
0.5% ammonium moiybdate. Standard solutions of potassium phosphate were used as reference, One unit of enzyme 
activity was defined as the amount of enzyme that releases 1 p.mo\ phosphate per minute at 37 -C. The protein con- 
centration was determined using the enzyme extinction coefficient at 260 nm calculated according to Pace (1 995): 

$0 fungal consensus phytase, 1,1 01; fungal consensus phytase ?, 1.089. 

[0066] in case of pH optimum curves, purified enzymes were diluted in 10 mM sodium acetate, pH 5/0. Incubations 
were started by mixing aSquots of the diluted protein with an equai volume of 1% phytic acid (-1 0 mM) in a series of 
different buffers: 0.4 M glycine/HCL pH 2.5: 0.4 M acefaJe/MaOH, pH 3.0, 3,6, 4,0, 4.5 S 5.0. 5.5: 0.4 M imidazole/HOL 
pH 6.0, 6.5; 0.4 M Tris/HCl pH 7.0. 7.5. 8.0. 8.5, 9,0 Control experiments showed thai pH was only slightly affected 

55 by the mixing step. Incubations were performed for 15 min at 37 °C as described above. 

[0067] For determination of the substrate specif totes of the phytases. phytic acid in the assay mixture was replaced 
by 5 mM concentrations of the respective phosphate compounds. The activity tests were performed as described above. 
[0068] For determination of the temperature optimum, enzyme (100 ut) and substrate solution (100 u.1) were pre- 
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incubated for 5 min at the given temperature. The reaction was started by addition of the substrate solution to the 
enzyme. After 15 min incubation, the reaction was stopped with trichloroacetic acid and the amount of phosphate 
released was determined 

[006§| The pH-optimum of the original fungal consensus phytase was around pH 6,0-6.5 (70 U/rng). By introduction 
$ of the Q50T mutation, the pH ■optimum shifted to pH 6.0 (1 30 U/mg), while the replacement by a leucine at the same 
position resulted in a maximum activity around pH 5.5 (212 U/mg). The exchange QSCG resulted In a pH-optsmum of 
the activity above pH 6.0 (see Figure 4). The exchange of tyrosine at position 51 with asparagine resulted in a relative 
increase of the activity below pH 5,0 (see Figure 5), Especially by the O50L mutation, the specificity for phytate of 
fungal consensus phytase was drastically increased (see Figure 8). 

[0070] The temperature optimum of fungal consensus phytase (70 °C) was 15-25 °C higher than the temperature 
optimum of the wild-type phytases (4555 *C) which were used to calculate the consensus sequence (see Tab!© 5 and 
Figure 3). 

rs 

Determination, of the, melting point by differ ontjal .scam in tr calorirnot ry .(DSC) 

[0071] In order to determine the unfolding temperature of the fungal consensus phytases, differentia; scanning ca- 
lorimetry was applied as previously published by Br ugger at al ( 1 997). Solutions of 50-60 mg/ml homogeneous phytase 
20 were used for the tests. A constant heating rate of 10 *C/min was applied up to 90 *C. 

[0072] The determined melting points clearly show ihe strongly improved thermostability of the fungal consensus 
phytase in comparison to the wild-type phytases (see Table 5 and Figure 7). Figure 7 shows the melting profile of fungal 
consensus phytase and its mutant Q50T Its common melting point was determined between 78 to 79 a CX 
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Table 1 


A$pergiiltf$ terrem 9A-1 phytase 


I 0.50 


Aspergillus ferrous cbsll 6.46 phytase 


1 0.50 


Aspergillus nigervar awamorf phytase 


1 0.3333 


Aspergillus nig&rT2 13 phytase 


I 0.3333 


Aspergillus nigerHRHLBI 35 phytase 


I 0.3333 

* 
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Table 1 (continued) 




Aspergillus fumigntus ATCC 1307 f 3 phytase 


0.20 


Aspergiiius fumigates ATCC 32722 phytase 


0 20 


Aspergillus fumigatus ATCC 591 2S phytase 


0.20 


Aspergillus fumigatus ATCC 25906 phytase 


0 20 


Aspergillus fumigatus ATCC 32239 phytase 


0.20 


Asp&fgtftus mdufam phytase 


100 


laiaromyces (hemophilus ATCC 20188 phytase 


1.00 


Myceiiophtfiora thormopNia phytase 


TOO 
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Table 2 



% identity 





A 

terreus 
9A-1 


cbsll6.46 


NRRL 
3135 


fumiga- 
tus 

13073 


'< 4 

nidulans 


T 

thermO' 
phiius 


ATI, IfhET* 

mophila 


A terreus 
9A-1 




89.1 


62.0 


60.6 




58.3 


48.6 \ 


A terreus 


90.7 

i . . | ^ 


• 
* 

• 


63,6 


62.0 


61.2 


59.7 


49.1 


A rdger 

NRRL 

3135 


67.3 


68.9 




66.8 


64.2 


62.5 


49.4 


A 
tits 

13073 


66.1 


67,2 


71.1 




68.0 


62.6 


53.0 


nidutaris 


: 85,0 


68.7 


69.0 


73.3 




60.5 


52.5 


thermo- 
pkiliis 


83.8 


64.5 


68.9 


68.1 


67.4 




49.8 


M ther* 
mophila 


o3<7 


546 


57.6 


61,0 ; 


59.9 


57.8 





% similarity 



Table 3 



Phytase 


Identity [%} 


Similarity j%] 


A ntger vm awamori 
A rtgrer NRRL31 36 


76.6 
76.S 
76.6 


796 
79.6 
79.4 
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Table 3: (continued) 





identity |%j 


; Simtfanty [%] 
■*^^^*«**»*«*^* 


I A ntduians 


77.4 


81.5 






/ 


A ierreus cbs 11 6.46 


72.1 


75.9 


A fumjg&ius 1 3073 


SOD 


83,9 


A. fumigatus 32239 


78.2 


82.3 


r thermophifus 


72.7 


788 


i A/? thermophita 


58.3 


84.5 



Table 4 



mutation 



Primer set 



Ssp BI 

o'-CAC TTG TGG GGT TTG TAG A GT CCA TAC 
5' -GAG AAG TAT GGA CTG TAC AAA CCC GAG 



TTG- 3' 
TG-3' 



Epnl 

5'- GAG TTG TGG GGT ACC TAG TCT CCA TAG TTG TC-3' 
o'-GA GAA GTA TGG AGA GTA GGT ACC CCA CAA GTG-3' 



Q50G S'-CAC TTG TGG GGT GGT TAC TCT CCA TAG TTG TC~3 ! 

5>-GA GAA GTA TGG AGA GTA ACC ACC CCA CAA GTG-3' 

Kpnl 

Q50T-Y5 IN 5'-CAC TTG TGG GGT ACC AAC TCT CCA TAC TTC TC-3' 

5 -GA GAA GTA TGG AGA GTT GGT ACC CCA CAA GTG-3' 

Bsa I 

Q50L-Y51N 5'-CAC TTG TGG GGT CTC AAC TCT CCA TAC TTC TC-3' 

5'-GA GAA GTA TGG AGA GTT GAG ACC CCA CAA GTG-3' 



Table 5 



phytase 


temperature optimum 




| Consensus phytaae 


70 *C 


j 7S8°C 




55*C 


53,3*0 


A fumigatus 13G73 


55* C 


62,5*0 


A i&rr&us 9A-1 


49*0 


57.5*0 


| A. t@rmusc§§ 




58 S°C 
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table 5 (continued) 



phytase 


temperature optimum 


Im* 


A niduians 
M thmmophfla 


45 S C 
55 *C 


| 557 °C 

1 ' 



Claims 

1 o 1 . A process for the preparation of a consensus protein > whereby such process Is characterized by the following steps: 

a) at least three, preferably tour amino acid sequences are aligned cy any standard alignment program known 
In the art; 

i$ b) amino acids at the same position according to such alignment: are compared regarding their evolutionary 

similarity by any standard program known in the art. whereas the degree of similarity provided by such a 
program defines the least similarity of the amino acids that is used for the determination of an amino 
acid of corresponding positions is set to a less stringent number and the parameters are set in such a way 
that it is possible for the program to determine from only 2 Identical amino acids at a corresponding position 

20 an amino acid for the consensus protein; however, if among the compared amino acid sequences are se- 

quences that: show a much higher degree of similarity to each other than to the residual sequences, these 
sequences are represented by their consensus sequence determined as defined in the same way as in the 
present process for the consensus sequence of the consensus protein or a vote weight of 1 divided by the 
number of such sequences is assigned to every of those sequences, 

25 

c) in case no common amino acid at a defined position is identified by the program, any of the amino acids., 
preferably the most frequent amino acid of ail such sequences is selected: 

d) once the consensus sequence has been defined, such sequence is back-trans fated into a ON A sequence. 
so preferably by using a codon frequency table of the organism in which expression should take place; 

e) the DNA sequence is synthesized by methods known in the art and used either integrated into a suitable 
expression vector or by Itself to transform an appropriate host cell; 

35 f) the transformed host cell is grown under suitable culture conditions and the consensus protein is isolated 

from the host ceil or its culture medium by methods known in the art. 

2, A process as claimed in claim 1 wherein the program used for the comparison of amino acids at a defined position 
regarding their evolutionary similarity is the program "PRETTY 11 

40 

3, A process as claimed in claim 1 or 2, wherein the defined protein family is the family of pbytases. 

4. A process as claimed in claim & wherein the phyfases are of fungal origin. 

45 S> A process as claimed in any one of claims 1 to 4, wherein trie host cell is of eukaryotic origin, 

5. A process as claimed in claim 5, wherein eukaryotic means fungal, preferably Aspergillus or yeast, preferably 
S&ccharomyces or Hansonuki. 

$o 7. A consensus protein obtainable, preferably obtained by a process as claimed in any one of claims 1 to 6. 

8, A consensus protein which has the amino acid sequence shown in Figure 2 or any variants or muteins thereof. 

9> A mutein of the consensus protein of claim 8 characterized therein that in the amino acid sequence of Figure 2 
m the following replacements have been effected Q5GL Q5GT Q50G. Q50T-Y51 N or Q5QL-Q5iN 

10, A food, feed or pharmaceutical composition comprising a consensus protein as claimed in any of the claims 7 to & 
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Figure 1/1 



1 50 

A. terreus KhsOC!sS5VDft GYQCFPELSH sWGIYAPYFS LQOESPPFID V*£DChXTFV 

A. terreus cbs NfhsDCTSVDr GTQCFPEL3H ScWSlYWYFS LOOESPFFID VPDDChXTFV 
A> tfiger var. aranorX KfqaTCOTVDQ GYQCFSETSR LWGQYAPFF5 LA8SSAISPD VPAGCrVTFA 

A, niger T213 NqsSCOTVDQ GYQCFSETSR LWGQYAPFFS LAMSSVISPD VPAGCrVTFA 

A. rUger NRRL3135 HqsSCDTTOQ GYQCF3ET8B LWGQYAPFFS LMESVISPE VPAGCrVTFA 

A, furaigafcus 13073 GSkSCDTVDl GYQCsPATSB LflGQYSPFFS LEOEiSVSSK L?KDCrXTX*V 

A, f^igatus 32 722 GSfcSCDTVDl GYQCfcFATSH LtfGQYSPFFS LSDBiSVSSK LPKDCrXTLV 

A, fumigatus 58123 GSkSCDTVDi GYQCaPATSK LWGQY3PFFS LEDE1SVSSK LPKDCrJTLV 

A, fwiigattl* 269C6 GSkSCDTVDi GYQCsPATSB LWGQYSPFFS LEDEXSVSSK L?KDCrITt*V 

A, Ausiffatttf 32239 GSkACOTVSl GYQCsPGTSH LWGQYSPFFS LEDS1SVSSD LPKDGrVTFV' 

A, AidttlMtf QNKSCKTABG GYQCFPOTSB WGQYSPYFS XEQESAISeO VPHGCeVTFV 

I\ t&oratqpftilu* DSKSCHTVEG GYQCrPEXSR sWQYSPFFS LA0OSSISPO VPQNt kXTFV 

K, the.cmophila ESRPCDTpDl GFQCgTAXSH FHGQYSPYFS VpSSlDaS. , IPDDCeVTFA 

Consensus MSHSC0XVDG GYQCFPEX5H LWGQYSFYFS LEDS5AISPD VPDDC~VTFV 

C©R0«n«U» phy*&*«8 NSHSGDTVDG GYQCFPEXSH LWGQXS^YFS LEBESAISFD VFDDCBVTFV 



51 100 

A. terreus 9A-1 QYLARHGARs PThSKtKA YA At TAAIQKSA TaFpGKYAFL QSYHYSLDSE 

A, terre«5 COS QVLARHGARs PTDSKtKAYA AtlAAIQKNA Ta LpGKYAFL KSYNYSMGSE 
A k Jtfi#<frr v*r. AHMfforX QVLSRHGARY PTESKgKkYS ALXEEXQQMV TtFDGXYAFL KTYNYSLGAD 

A. r,±ger 7212 QVLSRHGARY PTESKgKkYS ALIEEIQQMV TtFDGKYAFL KTYNYSLGAD 

A, jii$er MRRL3135 QVLSRHGARY PTDSKqKkYS ALXS&SQQNA TtFDGKYAFL KTYtfYSLGAO 

A, fumlgatas 13073 QVLSRHGARY PTSSKsKkYK klVTAXQaKA TdFKGKFAFL KTYtfYTLGAD 

A. fumigatus 32722 QVLSRHGARY FTSSKsKkYK kLVTAIQaNA TdFKGKFAFL KTYNY'XLGAD 

A. ftKiigafrtu? 58128 QVLSRHGARY FTSSKsKkYK kLVTAJQaMA TdFKOKFAFL KTYNYTLGAD 

A - ftimigattHf 26906 QVLSRHGARY PTSSKsKkYK xLVTAXQaftA TdFKGKFAFL KTYNYTLGAD 

A. ftn3».igdeu5 32239 QVLSRHGARY FTASKsKkYK kLVTAIQKNA TeFKGKFAFL ETYN'iTLGAD 

A. nidulani? QVLSRHGARY PTESKgKAYS CLXEAIQKKA TsFwGQ YAFL SSYNYXLCAD 

2\ themopftxi^ QLLSEHGARY PTSSKtEIYS QLISrIQKTA T&YKGyYAFL KDYrYqLGRN 

Af« tlienacpJliJta QVLSRKGARa F TlXRaaSYv DLIDrlHhGA XsYgPgYEFL RTYDYTLGAD 

Consensus QVLSRHGARY PTSSK-KAYS ALXEAXQKNA T^FKGKYAFL KTYtfYTLGAO 

Consensus phytftM QVLSRHGARY PTSSICSKAYS ALXEAXQKbiA TAFKGK3CAFL KTY**YTLGA0 



101 150 

A* t&rreas $A~1 ELTPFGrNQL rDlGaQFYeR YNALTRhXnP FVRAtOASRV hESAESCFVSG 

A, tarreiras cbs ULTPFGrHQL qOlGaQFYRR YDTLTRhlnP FVRAADSSRV hESASKFVEG 

A* nlgex var. a ^nsori. DLTPFGEQEL VHSGIKFYQR YESLTRt?IIP FIRSSGSSRV IASGEKFXEG 

A* rtiger T213 DLTPFGEQEL V8SGIKFYQR YESLTR8XXP FIRSSGSSRV XASGSKFIEG 

A* ^sigsr NRRL3135 DLTPFGEQEL VKSGXKFYQR YESLTRKIVP FIRSSGSSRV XASGKKFIEG 

A. fumlgatas 13073 DLTPFGEQOL VilSGXKFYQR YKALARSWP FXRASGSDRV XASGSKFIEG 

A* fumigatus 32722 DLTPFGEQQL VUSGIKFYQA YKALARSW? FXRASGSDRV XASGSKFXEG 

A* fumigatus S8128 DLTPFCEQQL VEJSGIKFYQR YKALARSWP FXRASGSDRV XASGEKFIEG 

A , fumigatus 26906 DLTAFGEQQL V^SGIKFYQR YKALARSWP FXRASGSDRV XASGEKFIEG 

A, faraigatus 32239 DLXFFGEQQM Vj^SGXKFYQK YKALAgSWP FXRSSGSDRV IA3GEKFIEG 

^. niofyla^^ DLT1FGEHQH VDSGaKFYRR YKNLARKnTP FXRASGSDRV VASAEKFING 

t, thermophilic? DLTPFGENQM XQlGIKFYnH YKSLABNaVP FVRC3GSDRV XASGrlFIEG 

tiierifTOphxIa ELTRtGOQOM VJJSGIKFYRR YRALARKaXP FVRTAGqORV VhSAENFTQG 

Con^nsus DLTPFGSNQH WSGIKFYRR YKALARK-V? FVRASGSDRV IASAEKFIEG 

Con^^nsus phytas« DLTPFGENQ^ WSGIKFYBH YKALARKXVP FXRASGSDRV IASAEKFIEG 
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Figure 1/2 
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nigar var . 
niggr T213 

A* fu»ig«gus 13073 

A, ftfiaig-sfcua 32722 

A * f'Uffi i era c: a s 581 2 3 

A. jfufti gate's 26906 

A, r^ra Agates 32239 

fi -r? - v i ^ '1 < 
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201 250 

A, cerrws $A~I GDDAvANFTA VFAPAIaQSL FADLPGVqLS TDDWnLMAM CPFiTVSiTD 

A, rerreu5 Cbs GDAAAOSFTA VTAPAT.a k.RL EADLPQVqLS ADDVVnL^AH CPSTS'IVSITD 
A, var r dvamori ADTVEAf3 1 TA TFA?5IRQRL ^DLSGVTLT ^TEVTyLMDH CSFDTIStS? 

A. r-ig*r ADTVSAti FT A TfAPSIRQBL DXSVTyLMDM CSFDTIStST 

A. r-i^r ^RL313S ADTVE.AKFTA. T^VPSIRO^L ENDLSGVTLT DTlvVTyLKDM CSFDTiStST 

A ru^ic^rn^ 13073 GDFVAA^FTA iFAP^IRAHa SkHLPGVCLT DEDVVsL^DM CSFOTVARTS 

A. £u*±ga£X3 32722 GDSVAAKFTA IFA^DIRARa SkHLFGVTLT DED^sT.MDM CSFDTVAHTS 

A, /u^igatu^ GDSVAAMFTA I FA? 01 RAHa EkHLr'GVTLT DSOVV3LMDM C3FDTVAETS 

A- fyf!Ji<?«tus 2 6906 GDEVAAMFTA XFA?DIRAEa KkhLrGVTLT DSDVVsU^ CS F DT V ARTS 

A, fumiaztus 32239 GDF.VEA^FTA If APAIRARI SkSLPGVqLT DDDWsL^DK CSFDTVAHTA 

A , nidtslzns AD£i.£A«FTA TMG?PIRkRL EHDLFGIKLT N£HVI yLMDM CSFDTMARTA 

X, ci5#r-X3Dhiiwa GHDAQEKf Ak <jFAFAIIEKI KDHLPCVDLA vSDVpyLMDt C?FETLARNh 

M, thezxophilz GDDAOOTYXS TFAGP.T rARV MAML?GANLT DADTVaLHDL CFFETVAsSS 

Consensus GDDA^TTA T TAP A I PARI EADLPGVILT DSDW-LMDK CF?K:?VART^ 

CO»a^tt»U« phytas© GDDVEANTTA LFAPA1RARL EADLPOV^LT DEDWXLMDM CPFEOTAKTS 
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A* tier re ^'3 9A~1 

A, t&rz&vs cbs 

A* niger T213 

A* ni.jjwr NREL3135 

A* fuj7;igac?;s 13073 

A* r«ii«igiaCE;»5 327 22 

A, rux±g#?u$ 

A, ri;.-si<?at«5 26906 

A- /t/sjigatad 32239 
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Figure 1/3 
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Figure 1/4 
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Figore 2/2 
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Figure 2/3 
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Figure 4 
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